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(57) ABSTRACT 

A structure for incorporating ?ber optic acoustic sensor in a 
seismic array includes means for supporting the sensor in a 
spiral around a central strength member in a manner to 
isolate shear Waves from the sensor. In another aspect, an 
axially oriented sensor in a seismic array comprises a 
pressure sensitive optical ?ber Wound in a spiral around the 
axis, the ?ber having a plurality of optical Bragg gratings 
and a plurality of channels. The preferred structure may 
include four tubes spiraling around the strength member. 
One of the tubes encloses an optical ?ber sensor Which is 
maintained in an extended orientation by ?uid ?oW through 
the tube. Another of the tubes serves as a return path for ?uid 
through the sensor tube. The other tubes enclose high speed 
and loW speed data conductors, respectively. The sensor 
?ber may also be Wound in a spiral around a compliant core 
in a manner to satisfy Poisson’s Ratio such that strain on the 
compliant core does not alter the tension of the sensor ?ber. 

32 Claims, 6 Drawing Sheets 
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METHOD AND STRUCTURE FOR 
INCORPORATING FIBER OPTIC ACOUSTIC 

SENSORS IN A SEISMIC ARRAY 

This is a continuation-in-part of co-pending U.S. appli 
cation Ser. No. 09/169,252, ?led Oct. 9, 1998, Which claims 
priority from British Application No. 97214738, ?led Oct. 
9, 1997. 

FIELD OF THE INVENTION 

The present invention relates generally to the ?eld of 
seismic exploration and more particularly, to a method and 
a structure for incorporating ?ber optic acoustic sensors in a 
seismic array. 

BACKGROUND OF THE INVENTION 

Marine seismic exploration operations commonly include 
toWing a seismic streamer behind a vessel. The seismic 
streamer includes data communications channels, poWer 
conductors, one or more strength members, and a number of 
sound-sensitive hydrophones or other sensors. 

As the streamer is toWed through the Water during seismic 
operations, its primary function is to receive seismic signals 
at the sensors from subsurface geological structures, convert 
these seismic or acoustic signals to voltage signals, and 
transmit these voltage signals to a central receiver on board 
the vessel. Commonly, a number of hydrophones are 
coupled together as a group, and the group of hydrophones 
is coupled to a conductor Within the streamer at a takeout. 

The hydrophones so coupled together receive the seismic 
signals and provide a Weighted average of the signal 
received by the hydrophones in the group. This Weighted 
average is provided in analog form to a conductor Within the 
streamer. This signal is digitiZed and recorded for later 
display of the subsurface geological structures. 

The sensors are designed for extreme sensitivity because 
the seismic signals are Well attenuated by the time they reach 
the sensors. Unfortunately, the sensors are equally sensitive 
to all kinds of noise, both from the cable itself and external 
to the cable. For example, as the cable is toWed through the 
Water, the cable is subject to sudden sharp movements and 
other mechanical perturbations Which are conducted through 
strength members through the cable. Any such noise may be 
conducted to a sensor, and is thus detected as a signal or can 
mask the actual seismic signal. 

Linear ?ber optic hydrophones are based on the phenom 
enon that external measurands alter some optical character 
istic of the optical ?ber sensor, such as its index of refraction 
or the optical path length for a light signal in the ?ber. For 
most knoWn structures, any axial strain in the cable trans 
lates to a concomitant strain in the linear optical ?ber, 
particularly if the ?ber is axially oriented, and thus axial 
cable stress alters the optical path length of the ?ber, and 
spoils any detection scheme. 

Various means have been used in the past to reduced the 
noise conducted to the sensors. Discrete hydrophone ele 
ments have been mounted in a foam or a ?uid volume to 
eliminate shear Wave stresses, for example. HoWever, When 
linear optical hydrophones are used, the geometry of the 
cable for encapsulating the optical hydrophone becomes 
problematic. 

Aside from the mechanical geometry of the cable for 
retaining a linear optical sensor, a technique for interrogat 
ing the sensors must also be included in the streamer system. 
A structure and a technique for ef?cient multiplexing in an 
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2 
interferometric sensor array of a large number of sensors 
Was disclosed in parent application US. patent application 
Ser. No. 09/169,252, ?led Oct. 9, 1998, and incorporated 
herein by reference. In a preferred embodiment, the structure 
de?nes an apparatus for interferometric sensing comprising 
an optical source, a tunable ?lter, a depolariZer for depolar 
iZing optical radiation emitted by the optical source, a 
matched interferometer, a sensing interferometer, and a 
detector. The matched interferometer contains a phase 
modulator and the optical path length difference in the 
sensing interferometer is approximately equal to the optical 
path length difference in the matched interferometer. The 
optical source may be a broad band source or light, or a 
narroW band source such as a laser. 

Thus, the structure disclosed in US. patent application 
Ser. No. 09/ 169,252 provided Wavelength-addressable inter 
ferometers containing optical ?ber Bragg grating pairs as 
re?ectors. This con?guration also dramatically reduced 
cross-talk betWeen hydrophones, Which is inherent in many 
architectures. 

HoWever, there remains a need for a structure Whereby the 
?ber optic acoustic sensors can be incorporated into a 
seismic array. Such a cable structure should preferably 
include a linear optical ?ber sensor Wound around a com 
pliant core or suspended in a spiral tube ?lled With a ?uid. 
Alternatively, the sensor may include point optical hydro 
phones. Also alternatively, the linear optical ?ber sensor 
may comprise a spiral structure around a ?uid-?lled open 
cell foam to eliminate common sources of noise. 

SUMMARY OF THE INVENTION 

The present invention addresses these and other chal 
lenges of the prior art in a seismic streamer including an 
optical ?ber as the sensor element. The ?ber is Wound in a 
spiral about an axis in a manner to isolate the ?ber from axial 
stresses in the cable. This may be accomplished by placing 
a ?uid layer betWeen the ?ber and the source of the stress, 
or by Winding the ?ber around a compliant member in a 
manner to maintain a constant arc length of the ?ber. 

In a preferred embodiment, the streamer includes four 
tubes spiraling around a central strength member. One of the 
tubes encloses an optical ?ber sensor Which is maintained in 
an extended orientation by ?uid ?oW through the tube. 
Another of the tubes serves as a return path for ?uid through 
the sensor tube. The other tubes enclose high speed and loW 
speed data conductors, respectively. 
The sensor ?ber penetrates the Wall of the enclosing tube 

at a stuf?ng tube, Which also serves as an anchor to retain the 
sensor ?ber. The other end of the sensor ?ber is not 
anchored, but, as previously described, the ?ber is kept 
extended in the tube and substantially not in contact With the 
Wall of the retaining tube by ?uid ?oW through the tube. One 
sensor ?ber is provided for each section of the streamer 
cable. Each sensor ?ber has a plurality of optical ?ber Bragg 
gratings, and each of the plurality of Bragg gratings is tuned 
to a different Wavelength of light. 

In another preferred embodiment, a linear optical ?ber is 
Wound around a buoyant rubber core, Which is enclosed 
Within a liquid ?lled open cell foam to reduce or eliminate 
shear stress. A load bearing Vectran stress member encloses 
the foam/core combination. 

In yet another preferred embodiment, a compliant core is 
selected and then a lay length or pitch of the optical ?ber 
Wound around the core is determined. The structure Will 
demonstrate a speci?c Poisson’s Ratio, so that the radial and 
axial dimensions of the core change With strain in such a 
manner as to maintain a constant strain on the spiral Wound 
optical ?ber. 
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In still another preferred embodiment, the optical ?ber 
Wound around the core includes a plurality of point optical 
hydrophones. 

These and other features of this invention Will be apparent 
to those skilled in the art from a revieW of the following 
description along With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side vieW of a section of a marine seismic 
cable. 

FIG. 1A is a detail section vieW of the cable. 

FIG. 1B is a detail section vieW of the cable at one 
terminal end. 

FIG. 2 is a sectional vieW of the seismic cable in accor 
dance With this invention. 

FIGS. 3A and 3B together are a detailed circuit diagram 
of the circuit components of the cable of this invention. 

FIG. 4A is a general schematic of a linear optical hydro 
phone Wound around a core. 

FIG. 4B is a graph shoWing the relationships of the 
dimensions of components of FIG. 4A. 

FIG. 5A is an end vieW of preferred embodiment of an 
optical cable in accordance With this invention. 

FIG. 5B is a side vieW of the cable of FIG. 5B illustrating 
the various layers of construction. 

FIG. 6A is a perspective vieW of an optical streamer cable 
having point optical hydrophones. 

FIG. 6B is a perspective vieW of an optical streamer cable 
With a linear hydrophone side by side With point optical 
hydrophones, and further having a pair of strength members 
running axially With the axis of the cable. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The common feature of the preferred embodiments 
described herein is an optical ?ber sensor Wound in a spiral, 
or point sensors on a ?ber Wound in a spiral, to reduce, 
eliminate, or isolate certain stress attendant in a marine 
seismic streamer, and its consequent noise. 

FIG. 1 depicts a side vieW of a marine seismic cable 10 
constructed in accordance With this invention. The cable 10 
is made up of a number of sections, such as section 12, each 
of Which is a length D long, shoWn also in FIG. 3A, Which 
is preferably about 400 meters. The cable section 12 is 
joined to a cable section 14 by a coupling 16, and to a section 
18 by a coupling 20. Sections are coupled together by 
couplings to make up the entire streamer, Which may be 
hundreds of meters long. Four of such sections are then 
jointed together by a module as described beloW With regard 
to FIG. 3A. 
Sensor Fiber Within a Fluid-Filled Tube 

FIG. 1A depicts further details of one embodiment of the 
cable 12, at detail element 1A of FIG. 1. The cable at this 
section comprises a single strength member 22, four plastic 
tubes 24, 26, 28, and 30, all surrounded by a closed cell foam 
32, and encased by a jacket or outer sheath 34. Each of the 
tubes 24—30 is spiral Wound around the strength member 22. 
The tube 24 carries a ?ber optic sensor, a feature of this 
invention; the tube 26 is a continuation of tube 24, and is 
referred to herein as a return tube, explained beloW; the tube 
28 carries a tWisted pair of conductors, for loW speed data 
transmission (for example, for cable leveler and other 
communications); and the tube 30 carries the ?ber optic data 
transmission lines for high speed seismic data. 

10 

15 

25 

35 

45 

55 

65 

4 
The strength member is preferably a single 6 mm diam 

eter Vectran® member, although a number of strength 
members may be used if desired. The tubes 24 through 30, 
inclusive, may be made of any appropriate plastic material 
With a pressure rating of 1 psi per meter of length. Thus, a 
400 meter section length Would require a plastic material 
having a pressure rating of 400 psi. This rating is required 
because components Within the tubes Will be pumped in and 
out of the tube by ?uid, as described beloW in greater detail. 

FIG. 2 depicts a section vieW of the cable 10 taken at 
detail 1A of FIG. 1. As previously described, the tube 24 
carries a ?ber optic sensor; the return tube 26 is a continu 
ation of tube 24; the tube 28 carries loW speed data trans 
mission conductors; and the tube 30 carries the ?ber optic 
data transmission lines for high speed seismic data. Together 
the closed loop formed by tubes 24 and 26 de?ne a circulator 
(FIG. 3A). These tubes 24—30 are all extruded into a closed 
cell foam 32, and encased in a jacket 34. 

FIG. 1B provides further details of the cable 10 at the 
detail element 1B of FIG. 1. This detail shoWs the terminal 
end of a cable section 12. As previously described, the tube 
24 carries a ?ber optic sensor ?ber 36, a feature of this 
invention. The ?ber 36 includes characteristics Which vary 
When subjected to a seismic signal, so that, for example, the 
optical path length of the ?ber varies With the pressure 
signal. The sensor ?ber 36 is anchored at a stuf?ng tube 38 
as it penetrates the Wall of the tube 26. The ?ber 36 is not 
anchored at its opposite end, and is maintained in its 
extension doWn the tube by ?uid ?oW. The ?uid Within the 
tube 24 ?oWs in a direction shoWn by an arroW 40 by a How 
means 42, shoWn schematically as a set of check valves 44 
and 46. This How means is preferably poWered by mechani 
cal motion of the cable through the Water, but may include 
an electrically poWered pump, or other appropriate means. 
The ?uid continues its ?oW into the return tube 26 in the 
direction of an arroW 48 to keep the ?ber stretched out 
through the tube Without kinking. 

Also as previously described, the tube 28 carries a tWisted 
pair of conductors 50, for loW speed data transmission. This 
data carries command signals to auxiliary equipment exte 
rior to the cable, such as cable levelers and the like, and also 
provides status data on auxiliary equipment. The conductors 
50 are electrically connected to similar conductors in the 
cable section 18 With a conventional electrical connection in 
the coupling 20. 
The tube 30 carries ?ber optic data transmission lines 52 

for high speed data seismic data from all the channels aft of 
the speci?c associated connector 20. The lines 52 are 
directed into an optical coupling 54 in a manner Well knoWn 
in the art. The optical coupling connects the optical ?bers 
carrying seismic data into the cable section 18 for transmis 
sion ultimately to the host vessel. 
The strength member is spliced into a backing plate 56 by 

feathering the individual Vectran ?bers, and potting them in 
place With a plug 58. 

FIGS. 3A and 3B together depict the electronic circuitry 
for the optical streamer of this invention. FIG. 1 shoWs that 
each cable section 12 is a length D, suf?cient to enclose one 
length of ?ber sensor 36 (FIG. 1B). As shoWn in FIG. 3A, 
a ?ber sensor 36 a is a length D, and this optical ?ber 
includes a plurality of pairs of Bragg gratings )t, numbered 
)tl, through K32, respectively, in a preferred embodiment; 
thus the gratings are con?gured in pairs having substantially 
the same center Wavelength of re?ection. Each of the ?ber 
sensors 36a, 36b, 36c, and 36d de?nes a channel. Further, 
each of the pairs of Bragg gratings )L is tuned to a speci?c 
Wavelength of light, such that in the presence of a seismic 



US 6,211,964 B1 
5 

signal, the behavior of the light Within the ?ber is altered in 
a manner that may be subsequently detected. The appropri 
ate interferometer (described beloW With regard to FIG. 3B) 
detects changes in the relative optical phase betWeen the 
light re?ected from the ?rst of the pair of Bragg gratings and 
light re?ected from the second of the pair of Bragg gratings, 
Where the optical phase modulation is induced by the action 
of pressure Waves on the ?ber betWeen the Bragg gratings 
and the action of pressure Waves on the Bragg gratings 
themselves. The effect of this modulation is then detected in 
a host receiver 60 (FIG. 3B). 

The system includes a high poWer source of light 70, 
Which produces light over an optical frequency band both 
higher and loWer than the highest and loWest frequencies to 
be effective in the ?ber sensors 36. The light from the source 
70 is split into a plurality of paths in a coupler 72, and only 
one of the paths is continued in the remainder of the 
discussion for simplicity. The light from the coupler 72 is 
conditioned in a conditioner 74, Which includes an acousto 
optical tunable ?lter 76, an ampli?er 78 and another ?lter 80. 
The tunable ?lter 76 serves also as an optical frequency 
selector, selecting one of 32 frequencies to match the fre 
quencies of the optical Bragg gratings in the ?bers. This 
feature provides the optical frequency division multiplexing 
of this invention. 

The conditioned light from the conditioner is directed to 
an isolator 82, Which eliminates extraneous signals from 
re?ection back into the conditioner Which Would interfere 
With the optical emission action of the light source. 

The light from the isolator is further split into four paths 
in a coupler comprising couplers 84a, 84b, and 84c. The four 
paths de?ne interferometers 86a, 86b, 86c, and 86d, respec 
tively. Each interferometer comprises an optical frequency 
shifter, F1, F2, F3, or F4, respectively, in parallel With a 
polariZation scrambler 88a, 88b, 88c, or 88d, respectively. 
Each of the scramblers is positioned in a ?ber of path length 
L, such as L1, L2, I8, or L4, respectively, to assure maximum 
stable interference When both paths are rejoined at each 
output coupler. 

The coherence length of the pulse coming out of the 
source is limited and preferably in the range of 1—20 mm. 
Thus, the additional path length difference provided by the 
polariZation scrambler paths 88a—88d matches the path 
length difference in a speci?c grating pair of gratings at the 
same frequency, so that only one of the four pairs of gratings 
in the ?bers 36a—36d Will respond. This alloWs the address 
ing of different grating pairs at the same frequency With 
different coherence lengths. 

The light from the interferometers 86a—86d is coupled 
together into a single sensor ?ber 36 by a coupler 88, and 
directed into an optical circulator 90. The signal out of the 
circulator 90 is directed into a ?ber 37 Which is the point 
Where the ?ber leaves the rack mounted shipboard electron 
ics and is directed into the streamer behind the vessel. 

The ?ber 37 is directed into a module 92, a part of the 
seismic streamer cable, Where a set of couplers 94a, 94b, and 
94c split the light and direct the light into the sensor ?bers 
36a, 36b, 36c, and 36d, as previously described. Light from 
the sensor ?bers, Which has noW been modulated by the 
seismic signal, returns to the module 92 and from there to the 
?ber 39 via the circulator 90. 

It should be understood that the architecture depicted in 
FIGS. 3A and 3B is bi-directional, as shoWn by a commu 
nications line 110. This means that the entire cable can be 
interrogated from either direction, and the performance of 
the cable is completely transparent. HoWever, the present 
invention is equally applicable to other con?gurations, so 
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6 
that the sensor array may appear different When interrogated 
from different directions. For example, ocean bottom cables 
include geophones Which output vector rather than scalar 
information, and thus require unidirectional interrogation. 

Also Within the module 92 is an inductor coupling 96 
poWered from the loW-speed communication line 50. This 
coupling 96 provides command and sensing of auxiliary 
equipment, as previously described. 
From the circulator 90, the light is directed to the receiver 

60. The receiver 60 includes a detector 100, to convert the 
light energy to electrical energy. This electrical energy is 
directed to a set of band-pass ?lters F1, F2, F3, and F4. Since 
four pairs of Bragg gratings are being interrogated 
simultaneously, the ?lters separate the return signal into 
modulated signals in predetermined frequency bands. The 
?lters F1, F2, F3, and F4, de?ne the same center frequency as 
the frequency shifters in the interferometers 86a, 86b, 86c, 
and 86d. These modulated signals are demodulated in 
demodulators 102a, 102b, 1026, and 102d, and converted 
into digital form in A/D converters 104a, 104b, 1046, and 
104d. The data from the A/D converters is then recorded, 
and later reassembled as a seismic image. 
Up to this point, the sensor ?ber described has been a 

spiral ?ber Wound around a strength member and suspended 
in a ?uid ?lled tube. Other embodiments of the spiral Wound 
?ber are also possible. FIGS. 4A through 5B, inclusive, 
shoW an optical ?ber hydrophone Where the optical ?ber 
sensing interferometer 118 contains tWo optical ?ber Bragg 
gratings 119 and Where the optical ?ber 120 is Wrapped 
around a compliant member 122 and bonded. The compliant 
member 122 may be a polyurethane rod, or syntactic foam 
containing yarn (such as Kevlar) for strain relief, or other 
appropriate material. The compliant member 122 is shoWn 
With a radius r, and length de?ned by a y-axis. 
Fiber Wrapped Around a Rubber Core 
The structure shoWn in FIG. 4A uses the same interroga 

tion and multiplexing scheme as shoWn in FIGS. 3A and 3B, 
but this structure is directed to a feature to minimiZe stretch 
in linear hydrophones by matching Poisson’s Ratio of the 
compliant member 122 to the radius and the lay length. This 
structure also effectively isolates the sensor from extensional 
Waves, propagating in the compliant member. 

The compliant member 122 is preferably a buoyant natu 
ral rubber core of radius 10 mm, for example. The ?ber (or 
a pair of ?bers in the dual sensor embodiment) is laid in a 
pre-formed groove 124, spiraling around the compliant 
member. For a compliant member of 10 mm radius, the lay 
length is 44.4 mm. The groove is then ?lled With a potting 
material that matches the mechanical properties of the core. 
In another aspect, the ?ber may be laid directly on the outer 
surface of the compliant member and bonded 
The compliant member is surrounded by a tube of open 

cell foam 126 With an overall diameter of 30 mm, for 
example. The assembly is then covered With a tape 128 
Which encloses the open cell foam. The tape is covered With 
a multi-?ber Vectran stress member 130 and a polyethylene 
overbraid 132. The completed assembly is squirted into a 
polyurethane outer hose 134 and ?lled With a ballast ?uid 
into the open cell foam 126. The overall diameter of the 
streamer is preferably less than 40 mm. 
The purpose of the liquid ?ll is to isolate the core 122 

from shear Waves, coupled in from the stress member 130. 
Since the core 122, preferably neoprene, is very 
incompressible, the streamer can be stored under tension on 
the reel, Without risk of damage from the stress member 
cutting into the core. The core material is carefully selected 
for its Poisson’s Ratio so that the radius of the core is 
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reduced under tension by an amount Which exactly cancels 
the elongation of the core so that the sensor ?ber experiences 
no change in length. The following discussion describes hoW 
this feature is derived. 

Consider a single spiral around the core 122. As shoWn in 
FIG. 4B, let 1 be the arc length, y the lay length and r the 
radius of the core. By cutting a holloW cylinder along it 
length and laying it ?at, it is easy to see that these variables 
are related by the Pythagorean theorem. 

If r and y are changed in such a Way that l is kept ?xed, 
then differentiating this equation With respect to y gives 

dr y 

If-m 

This is the condition for constant arc length, l. 
Poisson’s ratio is de?ned as 

dr 
— d 

J _ _ L _ _’ Z 
dy dy r 

y 

Where dy is the longitudinal change in length and dr is the 
lateral change. Substituting gives 

If y, r and o are chosen so that this relation holds, then 
there Will be no ?rst order change in arc length, When the 
cylinder is extended longitudinally. 

For the case of rubber, Which has a high bulk modulus, 
compared to the extensional modulus Poisson’s ratio is close 
to 0.5. This gives 

Z — 4.44288. 

Fiber With Point Hydrophones Wrapped Around a Rubber 
Core 

Finally, FIG. 6A depicts another preferred embodiment of 
the invention. This structure comprises a strength member 
140, preferably Kevlar® or Vectran® surrounded by an 
open-cell foam 142, and an outer foam Wrap 144, and 
enclosed by an oil-?lled polyurethane tube 146. An optical 
?ber 148 is Wound in a spiral around the open-cell foam 142, 
and in this embodiment the ?ber includes a plurality of point 
sensors 150. The point sensors are preferably made as part 
of the ?ber 148 Without cutting the ?ber. 

In this embodiment, the open-cell foam 142 is ?uid-?lled, 
Which isolates shear Waves from the strength member 140. 
The open-cell foam may also be carefully selected to dem 
onstrate the constant arc length feature of the embodiment of 
FIGS. 4A—5B. 

FIG. 6B depicts yet another preferred embodiment of the 
invention. This structure comprises a pair of strength mem 
bers 160, preferably Kevlar® or Vectran® outside the open 
cell foam 142, and the outer foam Wrap 144. As With the 
embodiment of FIG. 6A, the outer foam Wrap is enclosed by 
an oil-?lled polyurethane tube 146. 
An optical ?ber 148, including the plurality of point 

sensors 150, is Wound in a spiral around the open-cell foam 
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142, and in this embodiment the ?ber includes a plurality of 
point sensors 150. These point sensors may be made by 
Winding the ?ber around a compliant member that is com 
pressed by an acoustic signal during operation. There is also 
included a linear optical hydrophone 152 laid side by side 
With the ?ber 148, for noise elimination as previously 
described. As in the embodiment of FIG. 6A, the open-cell 
foam 142 is ?uid-?lled, Which isolates shear Waves from the 
strength member 140. The open-cell foam may also be 
carefully selected to demonstrate the constant arc length 
feature of the embodiment of FIGS. 4A—5B. 
The principles, preferred embodiment, and mode of 

operation of the present invention have been described in the 
foregoing speci?cation. This invention is not to be construed 
as limited to the particular forms disclosed, since these are 
regarded as illustrative rather than restrictive. Moreover, 
variations and changes may be made by those skilled in the 
art Without departing from the spirit of the invention. 
We claim: 
1. Astructure for retaining a ?ber optic acoustic sensor in 

a seismic array, the structure comprising: 
a. a compliant core; 
b. a ?ber optic acoustic sensor Wound in a spiral around 

the compliant core, the sensor having a plurality of 
optical Bragg gratings and a plurality of channels; and 

c. a strength member to carry the mechanical load of the 
seismic array in parallel With the core. 

2. The sensor of claim 1, Wherein the plurality of optical 
Bragg gratings are con?gured in pairs having substantially 
the same center Wavelength of re?ection. 

3. The structure of claim 1, Wherein the sensor is enclosed 
in a sensor tube Wound in a spiral. 

4. The structure of claim 1, Wherein the sensor is enclosed 
in a sensor tube Wound in a spiral around the strength 
member. 

5. The structure of claim 3, further comprising means for 
anchoring an end of the optical sensor in the sensor tube. 

6. The structure of claim 5, further comprising means for 
developing ?uid ?oW through the sensor tube to maintain the 
?ber in an extended orientation. 

7. The structure of claim 5, further comprising a ?rst 
communications tube for retaining a loW speed data com 
munications channel and a second communications tube for 
retaining a high speed data communications channel. 

8. The structure of claim 7, Wherein all of the tubes are 
spiral Wound around the strength member. 

9. The structure of claim 4, further comprising a foam 
surrounding the strength member and the tube. 

10. The structure of claim 9, further comprising a jacket 
enclosing the foam. 

11. The structure of claim 9, Wherein the foam is a closed 
cell foam. 

12. The structure of claim 1, Wherein the structure com 
prises a section of a seismic streamer, and further comprising 
a coupling to join the section to an adjacent section. 

13. The structure of claim 12, Wherein the coupling 
includes a backing plate, and Wherein the strength member 
is spliced to the backing plate. 

14. The structure of claim 1, Wherein each of the plurality 
of Bragg gratings de?nes a sensing interferometer address 
able by a unique optical Wavelength. 

15. The structure of claim 14, further comprising a broad 
band light source to introduce a light signal into the optical 
sensor. 

16. The structure of claim 15, further comprising a 
receiver to receive light from the optical sensor. 

17. The structure of claim 15, further comprising a 
plurality of sensor interferometers betWeen the source and 
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the optical sensor, wherein each of the plurality of sensor 
interferometers de?nes a different frequency. 

18. The structure of claim 17, Wherein each of the 
plurality of sensor interferometers comprises a frequency 
shifter in parallel With a polariZation scrambler. 

19. The structure of claim 15, further comprising: 

a. a plurality of optical sensors; and 

b. a module including a plurality of optical couplers to 
split the light signal to direct the light signal into the 
plurality of optical sensors. 

20. The structure of claim 19, further comprising an 
inductive coupling Within the module to sense the condition 
of equipment external to the streamer and to couple com 
mands to the equipment. 

21. The structure of claim 1, further comprising a plurality 
of strength members. 

22. The structure of claim 1, Wherein the sensor comprises 
a linear optical hydrophone and further comprising an 
optical ?ber including a plurality of point optical hydro 
phones in parallel side by side arrangement With the linear 
optical hydrophone. 

23. The structure of claim 1, Where in the sensor includes 
a plurality of point optical hydrophones. 

24. Amethod of method of mounting a ?ber optic acoustic 
sensor in a seismic array, comprising the steps of: 

a. spiraling a sensor tube around a central strength 
member, the sensor tube con?gured to contain an 
optical sensor; 

b. inserting a ?ber optic acoustic sensor into the sensor 
tube; and 

c. anchoring an end of the sensor Within the sensor tube. 
25. A structure for retaining a ?ber optic acoustic sensor 

in a seismic array, the structure comprising: 

10 
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a. a compliant core; and 

b. a ?ber optic acoustic sensor Wound in a spiral around 
the compliant core; 

c. Wherein the compliant core is made of a material that 
substantially satis?es the relationship 

Where y de?nes the length of the core, r de?nes the radius 
of the core, and o is the Poisson’s ratio of the core. 

26. The structure of claim 25, further comprising a 
plurality of point hydrophones along the ?ber optic acoustic 
sensor. 

27. The structure of claim 25, further comprising an 
open-cell foam enclosing the core and the sensor. 

28. The structure of claim 27, further comprising a 
substantially cylindrical strength member enclosing the 
open-cell foam. 

29. The structure of claim 28, further comprising an 
overbraid enclosing the strength member and a jacket 
enclosing the overbraid. 

30. An axially oriented sensor in a seismic array, the 
sensor comprising a pressure sensitive optical ?ber Wound in 
a spiral around the axis, the ?ber having a plurality of optical 
Bragg gratings and a plurality of channels. 

31. The sensor of claim 30, further comprising a parallel 
sensor laid side by side With the sensor. 

32. The sensor of claim 31, Wherein the parallel sensor 
includes a plurality of point hydrophones. 


